Tris 0.1 M, pH 8.7, NaNO3 0.4 M, PEG 4000 20%, glycerol 27% and flash-cooled by plunging in liquid ethane. Heavy atom derivatization was attempted by soaking crystals for 16h hours in the cryoprotecting solution supplemented with saturating ytterbium chloride before flash-cooling.
Crystals diffracted usefully only on beamlines appropriate for microcrystals: X06SA in microfocus mode (Swiss Light Source), ID29 and ID23-2 (European Synchrotron Radiation Facility). Even with those beamlines, diffraction rarely extended beyond 4 Å even for the largest crystals and hundreds of crystals had to be screened. The best native crystal was collected to a resolution of 3.2 Å. Coincidentally, the best crystal was an ytterbium chloride soak with which a complete dataset could be collected to 3 Å resolution at the ytterbium L III absorption peak (supplementary table 1). Data processing using XDS/XSCALE (S2, S3) revealed that these high pH crystals belong to space group P622, with cell parameters consistent with a single G th molecule in the asymmetric unit and 67% of the volume occupied by solvent. Furthermore, the asymmetric unit dimensions precluded the presence of the elongated postfusion protomer, showing that we had another conformation of VSV-G.
The structure was determined by molecular replacement (MR), using the cores of domains I, III and IV of the previously determined postfusion conformation as separate search models. Domain II was not used as a search model, as our analysis had indicated it must undergo a large change between the low pH and high pH forms (S1). Clear MR solutions were found by program Phaser (S4) for both DI and DIII, as well as a poorer solution for DIV. Refinement was carried out with Refmac5 (S5) and rebuilding with Coot (S6) in Fo-Fc and 2Fo-Fc sigma-a weighted maps. The tip of DIV (residues 63 to 81 and 111 to 122, including the fusion loops cd and Pe) was removed until the end of refinement, as no good density could be seen for it. In the rest of the molecule, the maps were clear enough to allow building of DII and the DII/DIII and DIII/DIV connections, as well as the C-terminus of the ectodomain down to residue 413 and part of the carbohydrates at the two glycosylation sites.
Two large peaks at special positions in an anomalous map indicated partially occupied ytterbium sites. SAD phases were computed with program SHARP (S7) and combined with MR phases, but this did not yield any significant improvement in the maps. After several rounds of rebuilding/refinement, the well-ordered part of the protomer was complete. Before the last refinement round, the missing tip of DIV was included in the model by rigid-body fitting its low-pH counterpart into the 2Fo-Fc map. An 11-part TLS model was used in refinement (1 part each for DI, DIII and the invariant part of DII, 2 for DIV and one for each of the five connecting regions and the C-terminus). Average total B-factor (residual isotropic B-fact + isotropic part of TLS) is 61 Å 2 . The TLS model allowed proper accounting of both the high level and high anisotropy of disorder of the regions that are likely involved in the first conformational change ( figure S4 Values in parenthesis are for the highest resolution shell.
R sym was determined by the equation
where h, k and l are the unique indices of all reflections measured more than once and j the index for symmetry-redundant reflections.
R and R free were calculated with the reflections used in refinement (R) or 5% of the reflections randomly set aside and not used in refinement (R free ).
* Friedel mates were kept separate in processing. (S8), the lyssaviruses (rabies virus, CVS strain) (S9), the ephemeroviruses (Bovine ephemeral fever virus, BEFV) (S10), the novirhabdoviruses (viral hemorrhagic septicaemia virus, VHSV) (S11) and the unclassified Sigma virus of Drosophila (S12) are shown. Conserved residues among at least 3 sequences (including that of VSV G) are coloured red ; black dashes show gaps. Elements of secondary structure (including polyproline P) are indicated above the sequences and colour coded as the domains in Table 1 figure 1B , left, and seen from the top as from the outside of the virion. The orientation is as in figure 3A . Note that the trimeric interface is made up solely by domain II.
Movie
A transition from the pre-to post-fusion forms was generated by keeping the invariant RbI-II (table I and figure 1B ) fixed and relocating DIII, DIV and the C-terminus around it, as in the text (Fig. 1B) . For clarity, the movie was made in 3 successive stages: swinging of DIV around the DIII/DIV connection first; then refolding of the DII/DIII connection; finally, refolding of the C-terminus. While analysis of the structures suggests that this order is correct in outline (see below), the stages may partially overlap in the actual change.
Stage 1 was morphed in one step, while stages 2 and 3 were broken up into 3 steps each. For each step, n substeps (n=40-100) of interpolation/minimization were performed using CNS (S13) and scripts adapted from the script described in the Yale Molecular Morphing Server web site [(S14), http://www.molmovdb.org/molmovdb/morph/]. The intermediates were used to generate a movie with PyMOL (S15).
Stage 1 has to occur first, as the interactions depicted in figure 4A have to be broken before stages 2 and 3 can start.
Stage 2: Once DIV has moved out of the way, helix F 2 can start refolding into helix F ( figure   2B ).
Step 1 is the lengthening of the N-terminus of helix F 1 .
Step 2 is a rotation around the connection to F 2 . These two steps free the segment downstream of strand a 1 , that is sandwiched in the prefusion conformation between F 1 and RbI-II, to refold into helix A. This and the completion of helix F constitute step 3.
Stage 3: Breaking up of the histidine cluster shown in figure 4A , bottom, frees the segment directly upstream, including y 2 and H 2 (figure 2B), to move out of the bottom crevice in RbI-II ( figure 2C ).
Step 1 is a ca 60° rotation around the H 1 -y 1 connection. This movement breaks up the q 1 y 2 sheet.
Step 2 completes the refolding of the H 1 -y 1 -H 2 segment into helix H. In step 3, helix H rotates 90° relative to RbI-II to pack against helix F. This large movement is achieved by rotating the single conserved P 383 ( figure S2 ) around the F 382 and P 383 psi angles.
